Introduction

49
Contact loads in the hip joint during normal walking are reported to be in the vicinity of 2-4 50 times body weight (Bergmann et al. 2001; Bergmann et al. 1993 ). These loads are well below from an equivalent balance perturbation and might therefore be considered an example of 89 inefficient coordination that adversely affects balance recovery (Graham et al. 2014) .
90
However the effect of single versus multiple step recovery on hip joint contact loads remains 91 unknown.
92
The purposes of this study were to (1) determine the effect of balance perturbation intensity 93 on peak hip contact loads during balance recovery using the single step balance recovery 94 strategy, (2) compare the effect of single versus multiple step balance recovery strategy on 95 peak hip contact loads during balance recovery from the same perturbation intensity, and (3) 96 evaluate the association of peak hip contact loads with perturbation intensity, step length and 97 trunk flexion angle at foot contact at each participantÕs maximum recoverable lean angle
98
Page 5 of 26 (MRLA). We hypothesised that hip loads would be greater at higher balance perturbation 99 intensities and during the single compared to multiple step balance recovery strategy, and that 100 step length, MRLA, and trunk flexion angle at foot contact would be associated with peak hip 101 contact loads.
102
Methods
103
Participants
104
Participants consisted of a sub-sample of one hundred and six community dwelling older Figure 3) .
215
The mean peak hip contact load for Multiple Steppers at the 20% BW perturbation intensity 216 was within 10% of the peak load associated with stumbling during gait (Bergmann et al. (Table 1) .
233
<Insert Table 1 (Table 3) 
Discussion
256
A musculoskeletal model was used in the present study to investigate the effect of 257 perturbation intensity on peak hip joint contact loads during single-step balance recovery (i.e.
258
same strategy-different intensity) and the effect of single versus multiple step balance 259 recovery strategy on the peak hip joint contact loads during recovery at the same perturbation 260 intensity (i.e. same intensity-different strategy). In support of our hypotheses, peak hip joint 261 contact loads increased with each increase in balance perturbation intensity for older adults 262 that were able to recover with a single step. Peak hip joint contact loads were also found to be 263 higher for older adults that were able to recover with a single compared to multiple step 
289
Hip joint contact loads were on average 32% higher for older adults that were able to recover 290 from the 20% BW perturbation intensity using a single step (8.4 ± 1.7 BW) compared to older adults could also adopt a multiple step strategy, in part to protect the hip against large 299 peak contact loads during balance recovery.
300
Peak hip contact loads ranging from 4.3 to 12.7 BW were generated during maximal recovery simulations, such as that used in the present study, for studying joint loading.
310
The results of this study should be considered with the following limitations in mind. First, 
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